A scalable production of high surface area nanoporous carbon material (~ 2994 m 2 g -1 ) with good distribution of micro-, meso-and macro-pores was hydrothermally synthesized using both cheap polymers and graphene foam as carbon sources. The as synthesised material shows a unique interconnected porous graphitic structure. The electrochemical double-layer capacitor fabricated from this nanoporous carbon material exhibited a superior supercapacitive performance of 188 F g -1 at current density 0.5 A g -1 . This corresponded to areal capacitance of 6.3 µF cm -2 coupled with a high energy of 0.56 µWh cm -2 (16.71 Wh kg -1 ) and a power density of 13.39 µW cm -2 (401 W kg -1 ) due to extended potential window of 1.6 V in KOH aqueous electrolyte. Moreover, no capacitance loss after 10,000 cycles was observed, owing to the 2 unique structure and large surface area of the active material. The outstanding performance of this material as supercapacitor electrode shows that it has great potential for high performance energy-related applications.
INTRODUCTION
As a result of the depletion of fossil fuels and the issue of greenhouse gas emission, cleaner sources of energy are being explored such as solar and wind energies. Furthermore, new technologies for minimizing CO 2 emission are developing rapidly and require the elaboration of highly reliable energy storage devices. Supercapacitors or electrical double layer capacitors (EDLCs) seem to be the most likely candidates for the next generation of energy storage devices. They are at the forefront of research on energy storage technology due to the limitations of batteries for many applications. They can help to optimize energy consumption by complementing batteries in a variety of applications. They are also regarded as possible replacements for batteries if their production costs are competitive enough and their energy densities surpass those of current batteries. At the same time, they must be able to retain their extraordinary properties of high power density, superior rate capability, rapid charging/discharging rate, long cycle life (>100, 000 cycles), simple principles, fast dynamics of charge propagation and low maintenance cost. These unique properties result from the storage harvesting mechanism of the primary charge, which relies on the electro-sorption of ions from an electrolyte onto a porous electrode [1] .
Carbon materials are the materials of choice for EDLC applications. Their advantages as electrode materials were reported in previous work [2] some of which are the following: carbon has different allotropes, a variety of shapes, and good polarization, and its amphoteric behavior exhibits essential electrochemical properties from donor to acceptor states. It is also environmentally friendly. However, although low-cost nanoporous carbon electrodes with a tunable electrically conductive architecture and a highly active surface area exhibit high power density above 10 kW kg -1 their energy density is still limited to less than 10 Wh kg -1 [3] . Even though the operating voltage can be up to 4 V for ionic liquids (ILs) electrolytes for carbon electrodes, the ILs electrolytes are usually characterized by poor conductivity and high viscosity which significantly hinder their penetration in the electrode structure and decreases charge propagation which results in low energy density. Consequently, the capacitance of the capacitors operating in such electrolytes is usually low and is characterized by poor power rates [4] . On the other hand, aqueous electrolytes are cheap and ecological but suffer from the drawback of even smaller operating voltage as low as 1.0 V due to the thermodynamic decomposition of water at 1.23 V. However, this electrolyte has the highest specific capacitance compared to organic and ionic electrolytes owing to its high conductivity, low viscosity and good charge propagation. In addition, this electrolyte is environmentally friendly which solves the problem of disposal of waste and used devices. Moreover, functional carbon materials or carbon materials enriched with heteroatom such as oxygen and nitrogen, demonstrate pseudocapacitance originating from redox reactions of these functional groups as well as from local changes in the electron density of the carbon matrix enriched by these heteroatoms. 4 have demonstrated high stability after 10,000 cycles at 1.6 V [6] . The high overpotential of di-hydrogen evolution was used to improve the working voltage. These two reports were based on commercial activated carbon with a high specific surface area (SSA) but they gave no information on the pore sizes distribution (PSD). In fact, good PSD in the carbon materials can enhance the specific capacitance of the EDLCs since sub-nanometric pores size between 0.7 and 0.9 nm satisfy the ions electro-sorption. However mono-dispersion of these micropores adversely affects rapid transport of electrolyte ions by increasing the ion transport resistance in these small pores which leads to poor rate capability and power density.
Therefore, the presence of mesopores and macropores is essential for ions transport and the ion buffering reservoir respectively [7] . Carbide derived carbons (CDCs), usually produced from chlorination of metal carbides, possess narrow and tunable PSDs between 0.6 and 2 nm and a high SSA up to 3000 m 2 g -1 . These properties can be controlled and tailored by the selection of the precursors and the chlorination conditions. These materials show extraordinary electrochemical performances in any electrolyte [8] . However, CDCs are very expensive and serious safety and environmental issues surrounding their production are limiting factors for their commercialization. On the other hand, polymers have been actively investigated as promising alternative precursors. They have received considerable interests in recent years due to their low cost, commercial availability, uniform structure, and high chemical purity. Mixed with graphene, they can act as spacers to form composites, preventing graphene agglomeration or re-stacking [9] . Thus, the high surface area of graphene will be accessible to ions and its high conductivity will also be advantageous for the performance of this graphene-based material. In this paper, we report on the hydrothermal synthesis of three dimensional porous carbons with a high SSA based on graphene foam (GF) with two different polymers namely Polyvinylpyrrolidone (PVP) and polyvinyl alcohol (PVA). We chose PVA and PVP as they are wellknown polymer blends [13] [14] [15] . PVA has some outstanding physical properties which include its electrochemical stability, non-toxicity and mechanical strength. PVP is also non-toxic and has excellent absorption and complex forming capabilities [16] . While PVA with its free OH groups attached to methane carbons can be a source of hydrogen bonding, PVP being a vinyl polymer with a pyrolidine group is good at attracting other polar groups and forming other bonds. Thus a highly cross-linked polymer hydrogel with ionic bonds, inter and intra molecular hydrogen bonds and dipole interactions is easily formed with such blends. The hydrothermal treatment resulted in hydrogels that were further treated with KOH for activation followed by carbonization to create a porous network of graphitic carbons. A systematic study was made of the effect of activation on the morphology and SSA of the three-dimensional PVA-GF-PVP produced carbons designated as 3D-PGP. The electrochemical characteristics of the 3D-PGP were investigated using both the two-and three-electrode configurations. The 3D-PGP displayed remarkable electrochemical properties in a conventional 6M KOH aqueous electrolyte. Scheme 1 presents the preparation process of carbons. Graphene foam (GF) with a three dimensional network and relatively low defect density ( Figure S1 (a)) was first prepared by chemical vapor deposition (CVD) following the procedure used in our previous work [17] . The hydrogel was synthesised via the hydrothermal process. Typically, different masses of GF were dispersed in 100 ml of water containing 11.11 g of polyvinyl alcohol (PVA) followed by the addition of different masses of Polyvinylpyrrolidone (PVP) (for PVA/GF/PVP samples) in a glass vial by ultrasonication, 1.50 ml of hydrochloric acid (HCl) was added to the solution as a cross linker [18] . The mixture was sonicated for few minutes and further stirred for 30 min to obtain a homogeneous dispersion before being transferred into a 120 ml Teflon-lined autoclave system operated at 190 °C for 12 h. The resulting hydrogel was crushed and washed with deionized water and dried for 6 h. The hydrogel obtained was then soaked in aqueous KOH solution with a KOH/hydrogel mass ratio of 5 for 24 h and dried at 120 °C for 12 h before carbonization [19] . The composite was then placed in a horizontal tube furnace ramped from room temperature to 800 °C at 10 °C /min under argon gas flow for 1 h of activation. This procedure transforms the hydrogel into carbon materials consisting of a continuous pore network distribution. After which samples were washed with 3 M HCl to remove the remaining KOH and then washed with deionized water. Samples were designated 3D-PG-1 when 50 mg of GF was added, 3D-PG-2 when 80 mg of GF was added, and 3D-PG-3 when 100mg of GF was added in a PVA solution. 3D-PGP-1 denotes the addition of 1.76 g PVP sample to 3D-PG-3, and 3D-PGP-2 indicates samples produced when 3.5 g of PVP was added to sample 3D-PG-3.
Structural characterization
The SEM images were obtained using a Zeiss Ultra Plus 55 field emission scanning electron microscope (FE-SEM) operated at an accelerating voltage of 2.0 kV. The energy dispersive x-ray (EDX) obtained using scanning electron microscope (SEM) (JEOL 5800LV) equipped with an EDX spectrometer operated at 20 kV was used to estimate the elemental composition of the produced materials. X-ray photoelectron spectroscopy (XPS) was used to determine the chemistries of activated carbons obtained in powder form. A Physical Electronics VersaProbe 5000 instrument employing a 100 µm monochromatic Al-Kα to irradiate the sample surface was used. Photoelectrons were collected by a 180° hemispherical electron energy analyzer. Samples were analyzed at a 45° angle between the sample surface and the path to the analyzer. Survey spectra were taken at a pass energy of 117.5 eV, with a step size of 0.1 eV, which was used to obtain an estimate of the elemental analysis of the powders. High-resolution spectra of C1s, N1s, and O1s regions were taken at a pass energy of 23. 
Electrochemical testing
The electrodes for supercapacitor were prepared as follows: The synthesized carbon material According to the galvanostatic charge-discharge tests based on a two-electrode cell, the gravimetric specific capacitance (C sp : F g -1 ), the maximum energy density (E max : Wh kg -1 ), and the power density (P max : kW kg -1 ) of the cell were calculated using equations 1 to 3 respectively:
where I is the discharge current (A), m is the total mass of the active material in both electrodes (g), ∆t is the discharge time (s), and ∆V is the applied potential (V). The areal (C area : F cm and power (P a : kW cm -2 ) densities of the two electrode cell were calculated respectively using equation 5 and 6 below respectively:
RESULTS AND DISCUSSION The specific surface areas and pore size distributions of samples were measured by N 2 adsorption-desorption isotherms using the Barrett Joyner Halenda (BJH) method as shown in Table   S3 in the supporting information. The potential of the activated materials performance as an EDLC electrode was demonstrated using cyclic voltammetry (CV) and galvanostatic charge/discharge (CD) measurements in both three-and two-electrode cell configurations. Table S3 shows that the 3D-PGP-1 sample has superior listed properties as compared to the others, and hence based on this, it was the sample on which electrochemical measurements were done because its properties are ideal for reversible reaction at the electrode/electrolyte interface [25] . At a high scan rate, the CV shows a deviation from the pure EDLC shape with a characteristic resistive CV shape related to an increase in resistance attributed to the capacitance decay observed in Figure 5 (c). A symmetric triangular charge/discharge distinctive of ideal capacitor behavior was observed even at a high current density of 10 A g -1 ( Figure 5 (b) ). This linear behaviour indicates the reversible adsorption/desorption of ions at the electrode interface with a relatively small voltage drop.
The gravimetric capacitance was 188 F g -1 at a current density of 0.5 A g , retaining about 60% of the initial capacitance. We attribute this to the unique nanoporous architecture, where the wide meso/macro pore range from 10 -60 nm could buffer the amount of electrolyte ions and promote ion transfer into the interior pore surface of the micropores at higher current densities [28] . The maximum energy density of the device was recorded as 17 Wh kg -1 with power density of 400 W kg -1 at a current density of 0.5 A g -1
. However, at this point it is worth stating that the gravimetric capacitance does not reflect the true performance metrics of the porous electrode materials [29] This excellent electrochemical performance of the 3D-PGP-1 electrode material was attributed to: (i) The ability of the material to work in both the negative and positive potential window, thus extending the total potential of the fabricated cell; (ii) the unique porous architecture of the 3D-PGP-1 material and (iii) the large accessible surface area, which consists of micropores for trapping the ions and adequate proper-sized mesopores, which enable rapid and reversible ion transport [30] . Although, it is difficult to compare accurately the performance of all types of supercapacitors due to a large number of varying parameters such as material mass loadings and testing configurations, but a rough estimation and comparison show that the results presented in this work are good or even better than those in some previous reports on symmetric carbons devices in aqueous media [26, 31] .
As shown in Figure 5 (d), the symmetric cell shows no capacitance loss after 10,000 cycles at a current density of 2 A g -1 , demonstrating that repeated charge/discharge cycles never caused a significant structural change in the 3D-PGP-1 electrode. Nevertheless, a small increase in the capacitance (~0.1 %) was observed after the cycling process. A similar increase was observed by
Ren et .al [32] which was tentatively attributed to the swelling of the graphene at some defective sites. This promoted the intercalation of electrolyte ions in the space created by the swelling, or the creation of more pores after many CD cycles leading to a more accessible surface area and hence an increase in efficiency [32] .
The CV curves at a scan rate of 20 mV s -1 before and after cycling are shown in Figure 6 (a). The cell showed an improved rate capability after 10, 000 cycles, which indicates that there was no decay in the capacitive performance of the cell, as shown in Figure 5 (d) . Furthermore, no significant change to or degradation of the unique microstructure of the porous electrodes was revealed. In order to confirm the improved electrochemical performance of the cell after cycling, EIS measurements were also done before and after cycling (Figure 6 (b) ). In general, at high frequencies, current flow in the cell is a result of the capacitance of the electrode materials. The intercept on the real axis (left side of the semicircle) of the Nyquist plot in the high-frequency region provides information about the combined resistance of the electrolyte, the contact leads and the porous carbon materials also known as the equivalent series resistance (ESR), denoted by R S . The semicircle is a result of the charging of the double layer which appeared in the medium-frequency region. This is attributed to the interfacial charge transfer resistance and mass transport through the porous architecture of the material, and is denoted by R CT . The Nyquist plot shows a deviation from the vertical line in the low-frequency region, indicating a near-ideal capacitive behavior. This represents the diffusion of ions to the interface between electrode and electrolyte. At these low frequencies, the current flowing through the cell usually has resistance and a Warburg impedance characteristic element denoted by W, which is expressed as [33, 34] where A is the Warburg coefficient and ω is the angular frequency.
The relatively low value of the R S (0.29 Ω) of the electrode material studied here reveals the fair conductivity and high quality of the 3D-PGP-1 electrodes. After 10,000 cycles there is a decrease in the semicircle indicating a decrease in the R CT value from 6.40 to 3.88 Ω. This observation is expected as EIS is a more sensitive technique, and it also confirms the results observed from the CV after cycling from the rectangular shape. The capacitive behavior of the 3D-PGP-1 capacitor was also confirmed using impedance analysis. Figure 6 shows the Nyquist plot in the frequency range of 100 kHz to 10 mHz resistive element R L is associated with CPE L . The impedance of CPE DL is defined as [34] where T and n are frequency-independent constants and ω is the angular frequency. The exponent n is a correction factor which is related to the capacitive kinetics and roughness of electrode surfaces. The values for n range between 0 and 1; n = 1 denotes that the CPE is an ideal capacitor, for n = -1, CPE behaves as an inductor, while n = 0 and 0.5 denote a resistance and Warburg behavior respectively [34] . Table 1 for a single electrode in series.
The R S and R CT values and other parameters fit perfectly without any further adjustment, which
indicates an optimized minimization of experimental data with the design of the cell with an error of 0.1. X 2 represents the criterion for minimization of the fit. X/√ , where N is the number of points, is a normalized expression of X 2 , whose value is independent of the number of points and is represented as the error above. 
The real and imaginary parts of the capacitance of the cell as a function of the frequency are shown in Figure 6 (f). Cʹ represents the real accessible capacitance of the cell at the corresponding frequency (0.01 Hz), representing the deliverable capacitance which is 0.68 F, while Cʺ represents the energy loss due to the irreversible process of the electrodes. It is also used to define the transition frequency between pure capacitive and pure resistive behavior of the 3D-PGP-1 sample [36] . A small knee in the figure at a frequency of 0.1 Hz is an indication that the full capacitance of the cell can be reached at a slow recharging time τ = 1/f, which is 10 s in this case. This is an indication of the excellent and unique porous structures with a good distribution of micro-and mesopores which provide the highly accessible pathway to ions from the electrolyte. Figure S4 in the supporting information presents the phase angle as a function of frequency. The phase angle for the electrodes is about ~-80°, which is close to -90° and which defines ideal capacitive response.
CONCLUSION
In this work, we reported on the successful hydrothermal synthesis of three-dimensional The EDX below shows that the 3D-PGP-1 sample consist mainly of carbon with little or no traces of impurities. 
